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Please check that this examination paper consists of NINE pages of printed material
and TWO pages APPEND|X before yoir begin the examination.
This paper contains SEVEN questions. Translations in English are enclosed
together with this script.
Answer any FIVE questions. lf a candidate answers more than five questions, only
the first five answers will be examined and awarded rnarks.
Answer to any question must start on a new page.
All questions must be answered in Bahasa Malaysia.
Sila pastikan bahqwa kertas peperiksaan ini mengandungi ,SEMBIL4N muka surat beserta
DUA muka surat (Lampiran) yang bercetak sebelum anda memulakan peperiksaan.
Kertas soalan ini mengandungi TUIUH soalan. V'brjemahan dalam Bahosa Inggeris ada
disertakan.
Jswab LItr[,4 soalan. Jika calon menjuwab lebih daripada lima soalan hanya lima soa{an
pertqmu mengikut susunan dalam slcrip.iawapsn akan diberi markah.
Ivlulakan ja,vapan anda untuk,setiap soalan pada muka surat yang baru.
Semua soalan rnesti dijawab daiam Bahasa Malaysia.
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1. lal Briefly describe the usefulness and limitations of thermsdynamics in
the study of corrosion phenornena.
Perihalkan dengan ringkas kegunaan dan had-had termodinamik
dalam kaiian fenomena kakisan.
(20 markslmarkah)
Ibl Write electrochemical equations for the oxidation and reduction
processes which occut' during:
(i) the corrosion of alunlinium by air-free sulphitric acid.
(ii) corroslon of iron in aerated sulphuric acid containing ferric
sulphate.
(iii) corrosion of copper in aerates sulphuric acid containing ferric
sulphate
Tuliskan persamaan elektrokimia untuk prases-proses pengoksidaan
dan penurunan yang berlaku sernasal
(i) kakisan aluminium dalam asid sulfurik bebas-udara.
(ii) kakisan besi dalan asid sulfurik berudara mengandungi ferik
sulfat.
(iii) kakisan kuprurn dalam asid sulfurik berudara mengandungi
ferik sulfat.
(30 markslmarkah)
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[c] Consider the possibility of conosion of copper in aerated water at pH 7
given by the equation
cu1rl + %(Qz)@ + HzOru -+ Cu (OH)zl'r
Estimate the electromotive force associated with this reaction by
considering the reaction of two half-cell electrode process
Cu, Cu2* I I on-, o, I Pt
The potentials of oxygen electrode at pH 7 is +0.815V, and the
sof ubility product of Cu (Ol-l)2, K, = ar,,,, ,(g.n )t = 1.6 x lO-re .
Pertimbangkan kemungkinan kakisan kuprum dalam air berudara
pada pH 7 diberikan oleh persamaan
Cu1*y +'A(Or)$t + HzOrrl --+ Cu (OH)rt'r 
.
Anggarkan daya elektromotif berkaitan dengan tindakbalas ini dengan
mempertimbangkan tindakbalas proses elektrod dua se/-setengah
cu,cu2*iloH,oriPt
Keupayaan elektrod oksigen pada pH 7 ialah +0.815V dan produk
keterlarutan Cu(OH)2, K, = ilr,u,. *(" n, )' = 1.6 x lO-re .
(50 marks/markah)
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[.ist the factors affecting the choice of an engineering material and
elatrorate on factors affecting the corrosion propefiies.
Senaraikan faktor-faktor mempengaruh i pemil ih an b ah an keiuruteraan
dan huraikan faktor-faktor yang rnenpengaruhi sifat kakisan"
(20 marks/markah)
tbl What effect does oxidizer concentration have on corrosion rate of a
metalwith active-passive behaviour. Carefully explain your answer.
Apakah kesan kepekatan pengoksida ke afas kadar kakisan logam
dengan sifat aktif-pasif. Terangkan jawapan anda dengan jelas.
(40 marks/markah)
tt 
"n"Oi. dissolution curves were available for two active-passive
metals, how wor.rld you use thern to determine tlre relative corrosion
resistance of the rnetals in contact with powerful oxidizers. Use
hypothetical curves to illustrate your explanation.
Jika keluk pelarutan anod untuk clua logam aktif-pasif diberikan,
bagaimana anda menggunakannya untuk menentukan kerintangan
kakisan relatif logam di dalam larutan mengoksida yang kuat.
Gunakan keluk hipotetikal untuk menerangkan jawapan anda.
(40 marks/markah)
lcl
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3. [al ln corrosion kinetic, what do you understand by metal corroding in
soiution under activation control. Explain.
Dalam kinetik kakisan, apakah yang anda fahan dengan logam
terkakis dalam larutan dibawah kawalan pengaktifan. Terangkan.
(50 marks/markah)
Ibl Draw a kinetic diagram (E vs log i) for metal corroding in an acid
solution under activation control. Label carefully and indicate, the
corrosion rate of metal, i"o,.,,. What will be the effect on corrosion rate
of metal by the following changes:
(i) increase io of the metal dissolution reaction?
(ii) increase io of hydrogen ga$ evolution reaction?
(iii) shifting the reversible potential of metal dissolution to more
noble (+ ve) value?
(iv) increase the value of p for the oxidation reaction?
Lukis gambarajah kinetik (E lwn log i) untuk lagam terkakis dalam
larutan asid di bawah kawalan pengaktifan. Labelkan dengan ielas
dan tunjukkan kadar kakisan laganl, ipup. Apakah kesan ke afas kadar
kakisan logam berikutan perubahan-perubahan berikut:
(i) peningkatan io tindakbalas pelarutan logam?
(ii) peningkatan io tindakbalas pembebasan gas hidrogen?
(iii) anjakan keupayaan berbalik pelarutan logam ke suatu nilai
lebih unggul {+ Ys)z
(iv) peningkatan nilai p untuk tindakbalas pengoksidaan?
(50 marks/markah)
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An active-passive metal in a particular corrosion media has a primary passive
potential (Eoo) of 0.100V (Sl-{E), a critical anodic current density i" of 1 m .A
cm-2 and passive current of 1 pA cm-2. Sketch the appropriate diagram
schematically.
(i)
(ii)
(iii)
(iv)
(i)
(ii)
(iii)
(iv)
Suafu logam aktif-pasif di dalan media hakisan tertentu mempunyai
keupayaan pasif pimer (Epp) 0.10V (SHEJ, keturnpatan arus anod kritikal,
i, 1 m A cm'2 dan arus paslf I lA crn-'. Lakarkan gambarajah berkaitan
secai'a skematik.
what applied current is necessary to cause passivation?
what applied current is necessary to maintain passivity?
if anodic protection is applied, what is the corrosion rate?
if the metal is couple to a more noble metal {high i.) what will be the
influence on the corosion resistance of this metal? Explain caretully,
berapakah arus perlu dikenakan untuk menyebabkan kepasifan?
berapakah arus perlu dikenakan untuk mengekalkan kepasifan?
jika perlindungan anod dikenakan, apakah kadar kakisan logam?
jika logam digandingkan dengan logam yang lebih unggul (io tinggi),
apakah kesan ke afas kerintangan kakisan logam ini. Terangkan
dengan jelas.
(100 markslmarkah)
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The corrosion potential of iron irnmersed in deaerated acidic solution of pH 3
is -0.720V (vs. normal calomel electrode). Calculate the corrosion rate in
mgl(mz.s). Assume the Tafel slope of the cathodic polarisation cure
B" -0.1Vldecade, and hrydrogen ion exchange current io equal 1 mNm2. The
potential of the normal calomel electrode is +0.280V in respect to the
standard hydrogen electrode. Faraday's constant equal to 96490 C/mol.
Keupayaan kakisan suafu besi ferendam di dalam larutan asid dinyahudara
pada pH 3 adalah -0.720V (lawan elektrod kalomel normal). Hitungkan kadar
kakisan datam mg/(m2.s). Andaikan bahawa cerun Tafel untuk pengutuban
katod Fc -0.'lV/dekad, dan arus peftukaran ion untuk hidrogen io adalah
1 mMmz. Keupayaan elektrod katomet normal adalah +0.280V melawan
elektrod hidrogen plawal Angkatap Faraday 96490 C/rnol.
(100 rnarkslmarkah)
6. Refer to the Pourbaix diagram fon iron in Appendix 1.
Label the various area of corrosion, passivation, irnmunity.
Suggest how the immunity of iron can be achieved.
Write the equilibrium reaction corresponding to line separating Fe and
Fe3Oa and calculate the slope dE/doH.
What is line (a)?
Rujuk kepada gambajarah Pourbaix untuk besi pada Lampiran 1.
(i)
(ii)
(ii r)
(iv)
(i)
(ii)
(ii0
(iv)
Labelkan pelbagai kawasan kakisan, kepasifan dan irnuniti.
Cadangkan bagairnana kemanglian besi dapat dicapai.
Tulis tindakbalas keseimbangan meruiuk kepada garisan memisahkan
Fe dan FesOe dan hitung cerun dE/dpH garisan ini.
Apakah garisan (a)?
(100 markslmarkah)
...81-
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First Metal
Logam Pertana
lron (mild steel)
Kelulilembut
lron (rnild steel)
Kelulilembut
lron (nrild steel)
Relulilernbut
lron (rnild steel)
Kelulilembut
Corrosion Rate mg/(dm' -d)
Kaclar Rakisan mgf(dmz -d)
183
176.1
Second Metal
I-ogam Kedua
Copper
Kuprum
Tungsten
Tungsten
Aluminum
Aluminium
Zirrc
Zink
Kadar Kakisan mgl(ctrn2 -d)
105.9
lal
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List 5 general ways to prevent corrosion.
Senaraikan 5 cara umum untuk mengelakkan kakisan.
(20 marksimarkah)
What three conditions are necessar), for galvanic corrosion?
Apakah tiga keadaan yang perlu dan mesti wuiud untuk kakisan
galvanibeflaku?
(24 markslmarkah)
[c] Interpret and explain the significance of the corrosion data as shown
below:
(i) Galvanic corrosion of a couple in 'l% NaCl solution.
Tafsirkan dan terangkan signifikan data kakisan yang berikut:
(i) Kakisan galvani suatu gandingan dalam larutan 1% NaCl.
tbl
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Corrosion in 5% sulfuric acid, room temperature.
Kakisan dalam larutan asid larutan asid sulfurik 596, pada suhu
bitik
Air - Standard
Tertepu - udara
Stainless steel
Keluli nir4arat
67% Ni - 33o/o Cu (Monel) 39 0 m-g(dm-t+D -os m[46r"ry
(60 marks/markah\
- oooOooo -
il;;G
Air Free 
I
I
Tanpa udara I
I
I
^i54.4 mg(dm'-d) |
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LAMPIRAN 2
Standard ernf scries of metals
--- 
tl etal +n-"- ta, t'i o{l ---E I e c trod e p ote n tAT--
equilibrium vs. norma! hydrogen
{unit rctivity) electrode at 2soC, volts
+
I
II
Nobte or
cathodic
Au-Au*3
Pt-Pt"2
Pd-Pd'2
Ag-Ag'
l-lg-l-lgz*2
Cu{u*2
l-lz-H'
Pb-Pb*?
Sn-Sn*2
Ni-Ni"
Co-Co*2
cd-cd'?
Fe-Fe*2
Ct-Cr'3
Zn-Zn*2
Al-Al'3
Mg-Mg"
$la-Na*
K-K*
+ 1 .498
+1.2
+0.987
+0.799
+0.788
+0.337
o occr
-0 126
4.136
-0"250
4.277
.0 403
{.440
4744
-0.763
-1.m2
-2.363
a a1a
-2 92.5
Active c(
anodic
I
IY
